Background: Parent's and child's body mass index (BMI) are strongly associated, but their relationship varies by child's sex and age. Parental BMI reflects, among other factors, parents' behaviors and home environment, which influence their child's behaviors and weight. This study examined the indirect effect of parent's BMI on child's BMI via child health behaviors, conditional on child's sex and age. Methods: Data from 2039 children and 1737 parents from eight cities of the U.S. involved in the Childhood Obesity Research Demonstration project tested the association between parental BMI and child's percentage of 95th BMI percentile (%BMIp95). A generalized structural equation modeling approach to path analysis was used to estimate and test simultaneously the associations among parental BMI and child's health behaviors and BMI across three age groups (preschool 2-4 yr., elementary 5-10 yr., and middle school 11-12 yr). Child's health behaviors were examined as mediators. Results: Parental BMI was related to %BMIp95 across all age groups, and was strongest in 11-12 yr. children. Parental BMI was positively associated with boys' fruit and vegetable (FV) intake and girls' sugar-sweetened beverage (SSB) intake. Compared to 2-4 yr., older children had less FVs and physical activity, more screen time and SSB, and higher %BMIp95. Mediation effects were not significant. Conclusions: Parental BMI was associated with child's %BMIp95 and some child behaviors, and this association was stronger in older children; older children also exhibited less healthy behaviors. Age-and sex-specific interventions that focus on age-related decreases in healthy behaviors and parental strategies for promoting healthy behaviors among at-risk children are needed to address this epidemic of childhood obesity.
Background
About one third of children aged 2 to 19 years are classified as having overweight or obesity in the United States, and this high prevalence of childhood obesity has been present for decades [1] . Prevention of childhood obesity is a public health priority, because obesity in childhood increases risk of obesity in adulthood [2] and is associated with long-term adverse health consequences [3] .
Numerous studies have reported a strong association between parent's and child's body mass index (BMI) [4, 5] , and children whose parents had a healthy BMI exhibited healthier behaviors such as regular physical activity (PA) and improved dietary patterns [6] , compared with children whose parents had higher BMI. Higher maternal BMI is related to higher child's BMI and sedentary behavior [7] , less fruit consumption [8] , and more TV viewing [9, 10] . These results are consistent with the notion that parental BMI reflects parents' health behaviors that influence their child's health behaviors and ultimately weight status [11, 12] . Thus, the development of obesity in childhood and persistence into adulthood is not entirely explained by inheritable factors [13] , but also by the health and parenting behaviors of parents/caregivers [4] .
Although the sharing of genetic and behavioral factors between parents and children results in a similar propensity for obesity status [10, 14] , the association of parent and child BMI has been shown to vary by child's sex and age. Both son's and daughter's BMI has been reported to be significantly related to father's BMI, while daughter's BMI was significantly related to mother's BMI only [15] . Two separate studies demonstrated that children's PA was affected by shared environmental factors for parents and young children [16] , but not for parents and adolescents [17] . This can be explained by a decreasing influence of parents on children's behaviors as children mature and become more independent from their parents [14] . Moreover, older children's behaviors and obesity status may be affected by school programs [18] and peer behaviors [19] . Given the influences of schools and peers on children's health behaviors and consequently their BMI, we assume that the association of parental BMI on their child's behaviors and BMI would be expected to vary as a function of child's age. Thus, child age may moderate the association between parental BMI and child's health behaviors and BMI.
This study investigated 1) the extent to which parental BMI was associated with the child's health behaviors and BMI, 2) the role of child's health behaviors as mediators between parental BMI and child's BMI, and 3) whether these relationships are conditional on child's sex and age. We hypothesized: 1) healthy parental BMI would be associated with healthier child behaviors and BMI, 2) healthy child behaviors would be related to a healthier child BMI, 3) the relation between parental BMI and child BMI would be partly mediated by the child's health behaviors, and 4) these associations would vary by child's sex and age.
Methods

Participants
This study was a secondary analysis of baseline data collected on the Childhood Obesity Research Demonstration project (CORD) [20] . CORD implemented integrated primary care and public health interventions across eight communities in three states in the U.S. to improve child and family health behaviors and to prevent and reduce childhood obesity among families eligible for benefits under Titles XIX (Medicaid) and XXI (Children's Health Insurance Plan (CHIP)) of the Social Security Act, which are programs intended to serve families with low household income.
In 2012-2014, 2039 children aged 2-12 years and one of their parents or caregivers (N = 1737) were enrolled from eight communities in three states (Brawley, Calexico, and El Centro of California (CA); Fitchburg, Lowell, and New Bedford of Massachusetts (MA); and Austin and Houston of Texas (TX)). The TX project included only children with BMI ≥85th age and sex specific percentile, whereas the CA and MA projects also included healthy weight children. Demographic information for parents (sex, age, education, employment, and family income) and children (sex, age, and ethnicity) were collected from parents. Children were categorized into three age groups based on school status: preschool (2-4 yr), elementary (5-10 yr), and middle school (11-12 yr) . The study was approved by the institutional review boards of the participating CORD organizations and institutions, and written informed consent of parents and assent of children were obtained prior to data collection.
Anthropometric measures
Anthropometric measures were collected using the methods described in the National Health and Nutrition Examination Survey Anthropometry Procedures Manual [21] . Parent and child's height and weight were recorded in centimeters (cm) to the nearest 0.1 cm and kilogram (kg) to the nearest 0.1 kg, respectively. Parental BMI was calculated using the Quetelet index equation (kg/m 2 ). Each child's relative BMI, computed as the percentage of the respective age and sex specific BMI 95th percentile value %BMIp95), was used as the child BMI variable, calculated using the CDC reference data and software algorithm [22] . This measure has been shown to be more appropriate for the heaviest children (i.e., those >97th percentile), a characteristic of this sample given the inclusion criteria in one site (TX) and the demographics of the other two sites (i.e., rural, racially/ethnically diverse, low-income [23] ). In addition, it has better statistical properties for comparisons than other BMI-derived measures for children [24] .
Child health behavior variables
Child health behaviors were measured by surveying parents using a standard set of items selected from previously validated instruments [20, 25] . Child's times per day eating fruits and vegetables (FVs) (sum of 2 items) and sugar-sweetened beverages (SSBs) (sum of 2 items) were assessed using items from the School Physical Activity and Nutrition project survey [26] and the Child and Adolescent Trial for Cardiovascular Health (CATCH) Kids Club After-school questionnaire [27] . Number of days per week engaged in 60 min or more of PA was assessed using one item from the Youth Risk Behavior Survey [28] . The parent selected from 0 to 7 days for their child, which resulted in a highly negatively skewed distribution, so the observed responses were dichotomized into 7 days/week (every day) versus less than 7 days/week (not every day) for analyses. Total hours and minutes per week of screen time (TV/DVD, computer/video game, etc.) were computed from hours and minutes per weekday and weekend day for screen time collected using four items from the CATCH Kids Club After-school questionnaire [27] .
Analyses
Separate analyses were conducted for boys and girls. Descriptive statistics were reported as means and standard deviations (mean ± SD) or percentages (%). A generalized structural equation modeling approach to path analysis was used to estimate and test simultaneously the associations between parental BMI and child's BMI, parental BMI and child's health behaviors, and child's health behaviors and BMI among the three child age groups (Fig. 1 ). Associations were modeled using linear links and normal distributions, except for children's PA, which was a dichotomous variable and was modeled using a log link and binomial distribution. Parental BMI was mean-centered so that interaction effects could be interpreted at the average BMI of the parents. State (CA, MA, and TX) and city within state (Brawley, Calexico, El Centro, Fitchburg, Lowell, New Bedford, Austin, and Houston) were included as covariates in all statistical models to adjust for mean differences among study sites.
Four separate analyses were conducted to test sequentially: 1) direct effects of parental BMI on the child's %BMIp95 (Hypothesis 1) and whether the direct effects varied by age group (Hypothesis 4, Fig. 1a) ; 2) associations in the full path model (Fig. 1b) between parental BMI and the child's health behaviors (Hypothesis 1), and between child's health behaviors and %BMIp95 (Hypothesis 2) and whether these effects varied by age group (Hypothesis 4, Fig. 1b) , and 3) indirect (mediation) effects (Hypothesis 3), the path from parental BMI through the child's health behavior to the child's %BMIp95 (Fig. 1b) , and whether the mediation effect varied by age. All analyses were adjusted for site and for different sample sizes among the age groups and across cities. All statistical analyses were performed using Stata 14.2 (Stata Corp, Texas, USA), and significance was defined as p < .05.
Results
Only 4% of adults reported being non-parent guardians, and 91.5% reported being the mother of the enrolled child (Table 1 ). About 64% of parents had graduated high school, less than 50% were employed, and about 70% were living in households below the federal poverty level (FPL). Overall parental BMI was 31.6 ± 7.4.
The total number of boys and girls were 1014 and 1025, respectively ( Table 2 ). More than 80% of children were reported to be Hispanic. Due to the inclusion criterion in TX for children to be ≥85th BMI percentile, the TX children had a higher mean %BMIp95. The TX children also had less frequent FV intake, more frequent SSB intake, more hours of screen time, and a lower proportion participating every day in ≥60 min/day of PA, compared to the MA and CA children. The percentage of children with normal weight, overweight, and obesity were 22.3, 21.8, and 55.9%, respectively. Age group differences for child's BMI and health behaviors after adjusting for parental BMI and city were reported in Table 3 . Compared to the preschool boys, elementary school boys had significantly higher %BMIp95. Elementary and middle school boys showed significantly higher screen time (p < .001) and lower FV intake (p < .001) and PA (elementary: p = .001; middle school: p < .001) than preschool boys. Elementary and middle school girls showed higher screen time (p < .001) and lower FV intake and PA (elementary: p < .001; middle school: p = .001) than preschool girls. SSB intake in middle school girls were significantly higher (p = .023) than preschool girls.
Direct effect of parental BMI on child's BMI among age groups Parental BMI was significantly positively associated with child's %BMIp95 in both boys and girls (Hypothesis 1, p < .001). The association of parental BMI and child's %BMIp95 increased significantly with child's age (i.e., Hypothesis 4, parent BMI*child age interaction) among boys (p = .016) and girls (p = .019). A positive one-unit difference in parental BMI was associated with a 0.3, 0.8, and 0.7% higher %BMIp95 in preschool, elementary, and middle school boys, respectively. A positive one-unit difference in parental BMI was associated with a 0.5, 0.9, and 1.1% higher %BMIp95 in preschool, elementary, and middle school girls, respectively.
Association between parental BMI and child's health behaviors
Averaged across all age groups, parental BMI was significantly positively associated with FV intake (0.2 more times per day per 10-unit difference in parent BMI, p = .029) in boys and SSB intake (0.2 more times per day per 10-unit difference in parent BMI, p = .007) in girls (Hypothesis 1). However, parental BMI was not associated with SSB consumption (p = .931), screen time (p = .833), or PA (p = .515) in boys and FV intake (p = .815), screen time (p = .379), or PA (p = .794) in girls (Hypothesis 1, data not shown).
In comparing the age groups, higher parental BMI was associated with more screen time (p = .045) and engaging in PA seven days/week (p = .031) in elementary school boys and more FV intake (p =
Association between child's health behaviors and child's BMI Across all age groups, FV intake (p = .262, p = .278), SSB intake (p = .227, p = .372), and screen time (p = .480, p = .258) were not significantly related to boys' and girls' %BMIp95, but engaging in PA seven days/week (p = .002) was significantly associated with healthier %BMIp95 among boys and girls. Middle school girls who did not engage in PA seven days/week (p = .020) and elementary school boys who consumed SSB more times/day (p = .046) had significantly higher %BMIp95.
Preschool boys ate FVs 0.7 and 0.8 more times/day than elementary and middle school boys, respectively (p < .001). SSB intake did not differ significantly across boys' age groups. Compared to preschool boys, elementary and middle school boys had significantly longer screen time (5 h and 8 h, respectively, p < .001), and were less likely to engage in PA seven days/week FV Intake (times/day) 2.6 ± 0.1 1.9 ± 0.1*** 1.9 ± 0.2*** 2.1 ± 0.1 SSB Intake (times/day) 0.9 ± 0.1 1.1 ± 0. (Table 4) . Preschool girls ate FVs 0.4 and 0.7 more times/day than elementary and middle school girls, respectively (p < .001). Middle school girls consumed SSB 0.3 more times/day than preschool girls (p = .018). Compared to preschool girls, elementary and middle school girls had significantly longer screen time (3.8 h and 8.4 h, respectively, p < .001), and were less likely to engage in PA seven days/week (elementary: OR = 0.52, p < .001; middle school: OR = 0.43, p = .003) ( Table 5 ).
Indirect (mediation) effects
In both boys and girls, across and within all age groups, none of the indirect effects of parental BMI on child's %BMIp95 via child's health behaviors were statistically significant (Hypothesis 3). Thus, there are no mediatory effects of child's health behaviors on the relationship observed between parental BMI and child's %BMIp95.
Discussion
In this study, parental BMI was positively related to child's %BMIp95 in both boys and girls, as previous studies have reported [4, 5] . The 90% of enrolled adults being mothers may have resulted in the stronger observed association of mothers' BMI on %BMIp95 in daughters since the association of BMI in mother-daughter dyads is higher than in mother-son, father-daughter, or father-son dyads [5] . In our data, older boys (elementary) and girls (elementary and middle school) showed a stronger positive association between %BMIp95 and parental BMI, compared to the preschool-aged children. Previous studies found that obesity status in older children was affected by both inheritable traits from parents and shared environment over time and emphasized that environmental effects were important determinants to develop behavior patterns and obesity among adolescents [13, 29] . One potential explanation for our results is that factors common to both parents and children, who live in the same household, including genetic, environmental, and sociocultural influences, may result in higher %BMIp95 in older children and increase the association with parental BMI.
An assumption in interpreting our results is that parental BMI is an indicator of genetic, environmental, and sociocultural factors common to both parents and children, and potentially long-term parental dietary, PA, and sedentary behaviors, and that those health behaviors would influence their child's health behaviors and BMI [11, 12] . Thus, we expected that unhealthy parental BMI would be associated with child's unhealthy behaviors such as less FV and more SSB intake (Hypothesis 1). Consistent with energy balance theory, we hypothesized that unhealthy child behaviors related to energy intake (FV and SSB intake) and to energy expenditure (PA and screen time) would be related to their %BMIp95 (Hypothesis 2). In the present study, a large difference in parental BMI was positively associated with FV intake in boys and SSB intake in girls (although the effect size is very small, it was statistically significant due to the large sample size), but not with child's screen time and PA. Previous studies found an association of higher parental BMI with their children viewing more TV [9, 10] and engaging in less PA [6] . Additionally, only children's PA was associated with their %BMIp95 in this study, whereas other studies found relationships between children's BMI and their dietary and sedentary behaviors [6, 30, 31] .
One explanation for inconsistencies between our results and previous studies may be due to different measures of child's health behaviors. In our study, children's FV and SSB intake were measured as times/ day of the prior day, which do not provide a complete quantification of a child's dietary intake, whereas previous studies measured both frequency and portion sizes [32] . Nevertheless, our data indicate that parental BMI is a correlate of some child's health behaviors and %BMIp95, and the survey questions that we used in this study have been validated and used in previous studies [33] .
The current study observed age differences in the associations among parental BMI, child's health behaviors, and %BMIp95 (Hypothesis 4). Overall, preschool-aged children showed healthier behaviors such as more frequent FV intake, less frequent SSB intake, less weekly screen time, and higher proportion engaging in daily PA compared to elementary and middle school children in both boys and girls. In particular, engaging in PA seven days/week was lower, while screen time was higher, among the older children than the youngest children. These results are consistent with reports that suggest a decrease of PA is significantly associated with an increase of screen time among children and adolescents [10, 34, 35] . The reasons why child's PA declines with age are unclear, but it is possible that social support factors (parental influence, schools' academic programming and facilities, peers' activity, etc.) may be associated with decreases in opportunities for moderate to vigorous physical activity (MVPA) among adolescents [36, 37] . In this study, there was significant association of higher parental BMI and engagement in PA every day in elementary school boys. One potential explanation of this result could be that boys' PA are less dependent on their mother's PA and BMI, since boys' PA were more associated with their fathers [38] . Higher SSB intake and screen time in the oldest girls were observed in this study, consistent with research that reported an association between higher soda intake and longer TV viewing time in older children [39] . Higher FV intake in middle school boys with higher parental BMI could be explained by greater overall frequency of food consumption, including more fruit and vegetables, with larger parent body size [40] . Another potential explanation is that the parents with higher BMI may be more concerned with obesity in their sons and provide a better diet as reflected by their higher FV consumption.
Finally, we expected child's health behaviors to be mediators partly explaining the association between parent's and child's BMI (Hypothesis 3). However, none of the mediation effects were statistically significant. This was due to either non-significant associations between parental BMI and child's health behaviors or between child's health behaviors and %BMIp95, or both. Our model showed that some of the child's health behaviors (e.g., FV and SSB intake, and PA) were associated with parental and child's BMI, but the direct relationship between parental BMI and child's BMI remained relatively unchanged. One previous study found a stronger relationship between parent's and child's health behaviors compared to the relationship between parental and child's BMI [39] . Although parental health behaviors were not assessed across all sites, parents' behavioral influence on modifiable child's health behaviors may affect child's BMI and thus explain part of the association between parental and child's BMI. Such behaviors may be opportunities to consider when designing interventions with a goal of changing behaviors in both parent and child to affect BMI. Caution is warranted in interpreting that a direct or indirect association indicates that "blame" should be placed on individuals, such as viewing parents as "the" causal agent of obesity in childhood. Our data do not suggest this. Instead, these associations should be viewed as opportunities to determine factors that may impact obesity in children. Because obesity is an intractable disease with multiple etiologies, "blaming" individuals (either parents or children) is counterproductive and fails to consider the environmental, genetic, epigenetic, and biological aspects of obesity.
This study has a number of limitations. First, the sample was primarily Hispanic families who were eligible for Medicaid and CHIP benefits, so the results may not generalize to populations with a different ethnicity or higher household income. Second, the cross-sectional data allows for only evaluating associations among parental BMI and child's health behaviors and %BMIp95; there may be unmeasured causal variables and paths that were not included in the analyses. Third, the survey items did not reflect long-term child health behaviors, asking only about behaviors on a single day or week, and self-reported behaviors may not be as accurate as more objective measures. Fourth, parental behavior data were not consistently collected across the sites and were therefore not available for our analyses; parent behaviors may be more directly and strongly related to child health behaviors than is parent BMI. Fifth, the oldest age group sample sizes were smaller than the other age groups, thus limiting the precision of the estimates for that group.
Despite these limitations, this study included low-income families from different states and cities across the USA, which allows broader generalization of the results compared to single-site studies. Investigation of age differences of the relationships among parental BMI, child's health behaviors, and child's BMI is a novel aspect. Age-specific associations may be informative for considering different intervention strategies, such as providing interventions for the family and home environment for preschool children, but including additional interventions for older children, since older children spend much time at school as well as home, make decisions more independently, and are influenced by peer groups in addition to parents [14, 19] .
Conclusion
This study demonstrated a large association between parent BMI and child's %BMIp95 but failed to detect any mediation through child health behaviors. The association between parental BMI and older children's %BMIp95 was stronger compared to younger children. Older children also had unhealthier behaviors such as less daily FV intake and PA engagement and more weekly screen time and SSB intake; these unhealthy behaviors were associated with their higher %BMIp95. Parental BMI would impact unhealthy behaviors and obesity in their children, but our results are consistent with the notion that childhood obesity may be affected by multi-factors such as environmental factors, inheritable factors, parental behaviors, and a child's own unhealthy behaviors. Thus, interventions for the prevention and control of childhood obesity may consider focusing on simultaneously changing the health behaviors of both parents and children. Our findings are also consistent with the notion that early life (before age 5) may be the best opportunity for interventions to prevent childhood obesity, before children develop their own unhealthy behaviors and weight status. 
